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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to a method of producing a novel conjugated diene polymer having excellent wear resistance 
and mechanical properties and a reduced cold flow by polymerizing a conjugated diene compound with a catalyst of 
rare earth element compound and reacting the resulting polymer just after the polymerization with at least one com- 
10 pound selected from the group consisting of a halogenated organometallic compound, a halogenated metal compound, 
an organometallic compound, a heterocumulene compound, a hetero three-membered-ring containing compound, a 
halogenated isocyano compound, a carboxylic acid, an acid halide, an ester compound, a carbonic ester compound, 
an acid anhydride and a metal salt of a carboxylic acid as a modifying agent. 

IS Description of Related Art 

Since conjugated diene polymers play an industrially very important role, there have hitherto been proposed many 
proposals on a polymerization catalyst for a conjugated diene compound in the production of the conjugated diene 
polymer. Particularly, many polymerization catalysts giving a high content of cis-1,4-bond have been studied and de- 
20 veioped for providing conjugated diene polymers having high performances in Ihe thermal and mechanical properti s. 
For example, there are well-known composite catalyst systems containing a compound of a transition metal such as 
nickel, cobalt, titanium or the like as an essential component. Among them, some catalysts have industrially and widely 
been used as a polymerization catalyst of butadiene, isoprene or the like (see End. Ing. Chem.. 48, 784<1 956) and JP- 
B-37-8198). 

2S On the other hand, a composite catalyst system comprising a rare earth metal compound and an organometallic 

compound of an element of Group l-lll has been studied and developed in order to attain a further higher content of 
cis-1.4-bond and an excellent polymerization reactivity, and also studies on a high stereospecific polymerization using 
the same have been actively conducted (see Makromol. Chem. Suppl., 4, 61(1981). J. Polym. Sci. Polym. Chem. Ed., 
18. 3345(1980), a specification of German Patent Application No. 2,848.964, Sci. Sinlca.. 2/3, 734(1980) and Rubb r 

30 Chem. Technol . 58, 117(1985)). 

Among these catalyst systems, a composite catalyst consisting essentially of a neodymium compound and an 
organoaiuminum compound has been confimfied to provide a high cis-1 .4-bond content and an excellent polymerization 
reactivity and has already been industrialized as a polymerization catalyst for butadiene or the like (see Macromole- 
cules. 15, 230(1982) and Makromol. Chem.. 94. 119(1981)). 

35 However, a commercial demand on polymers becomes higher with the advance of recent industrial technique and 

also it is strongly demanded to develop polymer materials having higher wear resistance, mechanical properties and 
thermal properties (thermal stability and the like). 

As an effective means for solving the above problem, there are actively conducted research activities on a polym- 
erization method exhibiting a high polymerization reactivity toward a conjugated diene compound and capable of pro- 

40 viding a narrow molecular weight distribution to the resulting polymer. 

For example, it is known to increase the polymerization reactivity when using a two-component system consisting 
of a neodymium compound and methylaluminoxane (see Polymer Communication, 32. No. 17. p514(1991)). Further- 
more, it is reported that a conjugated diene polymer having a narrow molecular weight distribution is obtained under 
a high polymerization reactivity when using a catalyst system produced by adding an organoaiuminum compound and/ 

45 or a Lewis acid to the system o1 neodymium compound and aluminoxane (see JP-A-6-211916, JP-A-6-306113 and 
JP-A-8-73515). However, the polymers obtained by the above polymerization methods are generally straight-chain 
polymers being less in the branched structure, so that they may have a problem on the mixing properly or processability 
with a polymer material such as rubber or various fillers in accordance with applications, and are large in the cold flow 
to cause troubles in the storing and transportation. 

so In JP-A-63-178102. JP-A-63-297403. JP-A-6 3-305 101. JP-A-5-51406 and JP-A-5-59103 are reported polym rs 

having improved processability obtained by polymerizing a conjugated diene compound in a catalyst system consisting 
of a neodymium compound and an organoaiuminum compound and then reacting with a specified compound as a 
coupling agent. However, the polymerization reactivity in such a catalyst system is not sufficiently satisfied. 

55 SUMMARY OF THE INVENTION 

The inventors have made various studies and found a m thod of producing conjugated di ne polymers wherein 
a conjugated diene compound such as butadiene or the like can b polymerized with a high reactivity by using a catalyst 
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nents (a) to (d) in an organic hydLarbon 301^6^302 thrra«^^^^^^ essentially of the following compo- 

seleced from the group consis.ir,g of the fSSg cC^n^s ' °" '"""""^ 

rpr;:,^^^^^^^^^^^ 

Component (d) : an cganoalumlnum compound represented by ,he following general fom,ula (1 ): 

air'r^r^ 

0) 

C4t Ttom'aTd R3 ^7<zzz^"^::l' "''r'"^ ^'""•^ ^^^'"^ ^ 

or different from Ri or R2); ^ ^ "^"^ °' P^^'^^^^^ ^^^^ 

is the same as 



(3, 



(4, 



r\m' (-R^C00R«)^„ 



(5) 



. tin atom, a silicon atom a gerr^an^r^t^Ta Ihl 'S^^^^ t"^^ V^"^'" ^ « « 

Comp.ent,,:a.e.erocu^mu..ecXrdhr^^^^^^^^^^ 

(6, 

i~surarr°"""'^^^^^ 

ge°n3f:lS^ three-membered-ring containing compound having a chemical structure of the following 



'''' 

(wherein V is an oxygen atom, a nitrogen atom or a sulfur atom) 
Component (h): a halogenated isocyano compound; 
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Compon nt (i): a carboxylic acid, and acid halide. an ester compound, a carboxyllc ester corripound or an acid 
anhydride represented by the following general formula (8), (9). (10), (11). (12) or (13): 



R -(COOH), 



(8) 



R -(COX), 



(9) 



10 



R®-(COO-R^*^) 



(10) 



IS 



(11) 



R^^-(COOCO-R^'*)„ 



(12) 



20 



2S 



as 



.CO 



CO 



(13) 



30 



(Wherein R^ to R^^ are the same or different and are a hydrocarbon group having a carbon number of 1-50, X Is 
a halogen atom and m is an integer of 1 -5); 

Component (j): a metal salt of a carboxyllc acid represented by the following general formula (14). (15) or (16): 



R^®^M'(OCOR^^)4.i. 



(14) 



3S 



R^® ^ M"(OCO-R^®-COOR^)4,i 



(15) 



40 



45 



O 
II 



DC 

II 

o 



v22 



-J 2-1 



(16) 



so 



(wherein Ri^ to R22 are the same or different and are a hydrocarbon group having a carbon number of 1-20. M" 
is a tin atom, a silicon atom or a gernnanium atom, and I is an integer of 0-3). 



55 



DESCRIPTION OF PREFERRED Ef^BODIMENTS 

The component (a) used in the catalyst according to the invention is a compound containing a rare earth element 
of atomic number 57-71 in the Periodic Table or a compound obtained by reacting the compound with a Lewis base. 
As the rare earth element, neodymium. praseodymium, cerium, lanthanum, gadolinium and the like or a mixture thereof 
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are preferable, and neodymium is more favorable. 

The rare earth element containing compound according to the invention is a carboxylate, an alkoxide. a p-diketone 
complex, a phosphate or a phosphite. Among them, a carboxylate and a phosphate are preferable, and a carboxylate 
is more favorable. 

The carboxylate of rare earth element is represented by the following general formula (17): 

(R^^-C02)3M (17) 

(wherein M is a rare earth element of atomic number 57-71 in the Periodic Table, and R23 is a hydrocarbon group 
having a carbon number of 1 -20. preferably a saturated or unsaturated alkyi group and is a straight chain or a branched 
Cham or a nng and carboxyl group is bonded to a primary, secondary or tertiary carbon atom thereof). 

As the carboxyllc acid, mention may be made of octanoic acid, 2-ethyl-hexanoic acid, oleic acid, stearic acid 
benzoic acid, napthenic acid, versatic acid (trade name made by Shell Chemical Corporation, a carboxylic acid in which 
carboxyl group is bonded to a tertiary carbon atom) and the like. Among them. 2-ethyl-hexanoic acid, napthenic acid 
and versatic acid are preferable. 

The alkoxide of rare earth element has the following general formula (18): 



20 (R^^O)3M (18) 

(wherein M is a rare earth element of atomic number 57-71 n the Periodic Table). As an example of the alkoxy group 
represented by R24o. mention may be made of 2-ethyl-hexylalkoxy group, oleylalkoxy group, stearylalkoxy group 
phenoxy group, benzylalkoxy group and the like. Among them. 2-ethyl-hexylalkoxy group and benzylalkoxy qrouo ar ' 
preferable. ^ 

As the p-diketone complex of rare earth element, mention may be made of acetylacetone complex, benzoylaceton 
complex, propionitriie acetone complex, valerylacetohe complex, ethy (acetylacetone complex and the like. Arrrang 
them, acetylacetone complex and ethylacetylacetone complex are preferable. 

As the phosphate or phosphite of rare earth element, mention may be made of bis(2-ethylhexyl) phosphate bis 
(1-methylheptyl) phosphate. bis(p.nonylphenyl) phosphate, bis(polyethyiene glycol-p-nony (phenyl) phosphat 
(1-methylheptyl)(2-ethylhexyl) phosphate. (2-ethylhexyl)(p-nonylphenyl) phosphate. mono-2-ethylhexyl-2-ethylhexyi 
phosphonate. mono-p.nonylpheny|.2-ethylhexyl phosphonate. brs(2-ethylhexyl) phosphite, bis(l-methylheptyl) phos- 
phite. bis(p-nonylphenyl) phosphite. (1 -methylheptyl)(2-ethylhexyl) phosphite, (2-ethylhexyl)(p-nonylphenyl) phosphite 
and the like of the rare earth element. Among them, bis(2-ethylhexyl) phosphate. bis(1 -methylheptyl) phosphate mono- 
2-ethylhexyl-2-ethylhexyl phosphonate and bis(2-ethylhexyl) phosphite are favorable. 

Among the above compounds, phosphates of neodymium and carboxylates of neodymium are preferable and 
carboxylates of neodymium such as neodymium 2-ethylhexanoate. neodymium versatate and the like are most pref- 
erable as the rare earth element compound. . - 

Lewis base is used for easily solubilizing the rare earth element compound in a solvent or stably storing the rare 
earth element compound over a long time of period. In this case. Lewis base is mixed with the rare earth element 
compound at a molar ratio of 0-30 mole, preferably 1 -1 0 mole per 1 mole of the rare earth element compound, or Lewis 
base and the rare earth element compound are used as a product obtained by previously reacting both compounds. 

As Lewis base, mention may be made of acetyl-accetone. tetrahydrofuran. pyridine. N.N-dimethylformamide. thi- 
ophene. diphenyl ether, triethylamine. an organo-phosphorus compound, and a monovalent or bivalent alcohol. ' 

The component (b) used in the catalyst according to the invention is a hatogen compound containing a metal of 
Group II. III. IV. V. VI, VII or VIII in the Periodic Table. Preferablyi it includes a metal halide. an organometallic halide. 
an organic halide compound and a halogenated silicon compound. As the halogen atom, a chlorine atom or a bromine 
atom is preferable. 

As the metal halide and the organometallic halide. mention may be made of ethylmagnesium chloride, ethylmag- 
nesium bromide, n-propylmagnesium chloride, n-propylmagnesium bromide, isopropylmagnesium chloride, isopropyl- 
magnesium bromide, n-butylmagnesium chloride, n-butylmagnesium bromide, t-butylmagnesium chloride, t-buty (mag- 
nesium bromide, phenylmagnesium chloride, phenylmagnesium bromide, methylaluminum dibromlde. methylalumi- 
num dichloride, ethylaluminum dibromide. ethylaluminum dichloride. butylaluminum dibromide, butylaluminum dichlo- 
ride, dimethylaluminum bromide, dimethylaluminum chloride, diethylaluminum bromide, diethylaluminum chloride, dib- 
utylaluminum bromide, dibuty la lum in um chloride, methylaluminum sesquibromid , m thylaluminum sesquichloride, 
ethylaluminum sesquibromide. ethylaluminum sesquichloride. dibutyltin dichlorid . aluminum tribrommid . antimony 
trichloride, antimony pentachlorid . phosphorus trichlorid . phosphorus pentachlorid . tin tetrachlorid . titanium t tra- 
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chloride, tungsten hexachloride, manganese chloride, rhenium chlorid and the like. Among them, diethylaluminum 
chloride, ethyiaiuminum sesquichloride. ethyialuminum dichloride. diethylaluminum bromide, ethylaiuminum sesqui- 
bromide, ethyialuminum dibromide and the like are preferable. 

The organic halide compound is a compound having a high reactivity with base and concretely includes organic 
chlorine compounds such as benzoyl chloride, xylene dichloride, xylene dibromide, propyonyl chloride, benzyl chloride, 
benzylidene chloride, t-butyl chloride and the like; organic bromine compounds such as benzoyl bromide, propyonyl 
bromide, benzyl bromide, benzylidene bromide, t-butyl bromide and the like; methylchloroformate, nriethylbromofor- 
mate, chlorodiphenyl methane, chlorotriphenyl methane and so on. 

As the halogenated silicon compound, mention may be made of silicon tetrachloride, silicon tetrabromide, silicon 
tetraiodide, hexachloro disilane and the like. As the halogenated organosilicon compound, mention may be made of 
triphenylchlorosilane, trihexylchlorosilane^ trioctylchlorosilane, tributylchlorosiiane, triethylchlorosilane. trimethylchlo- 
rosilane, methylchlorosilane, trimethylbromosilane. diphenyl dichlorosilane, dihexyl dichbrosilane, dbctyl dichlorosi- 
lane, dibutyl dichlorosilane. diethyl dichlorosilane, diniethyl dichlorosilane. methyldichlorosilane, phenyltrichlorosilane, 
hexyltrichlorosilane, octyltrichlorosilane, butyltrichlorosilane, methyltrichlorosilane, ethyltrichlorosilane. vinyltrichlorosi- 
lane, trichlorosilane. tribromosilane, vinylmethyl dichlorosilane, vinyldimethylchlorosilane, chloromethylsilane, chlo- 
romethyl trimethylsilane. chloromethyl dimethylchlorosilane, chloromethylmethyl dichlorosilane, chloromethyl trichlo- 
rosilane, dtchloromethylsilane, dichloromethyl methyldichlorosilane, dichloromethyl dimethytehlorosllane, dichlorote> 
tramethyl.disilane, tetrachlorodimethyl disilane, bis(chlorodimethyl)silylethane, dichlorotetramethyldisiloxane, trimeth- 
ylsiloxy dichlorosilane, trimethylsiloxy dimethyl chlorosilane, tristrimethylsiloxy dichlorosilane and the like. Among them, 
silicon lelrachk^ride, Irieythylchlorosilane, trimethylchlorosilane, diethyl dichlorosilane, dimethyl dichlorosilane, m thyl 
dichlorosilane. ethyj trichlorosilane, methyl trichbrosilane, trichtorosilane. dichk^rotetramethyl disilane and dichlorote- 
tramethyl disiloxane are favorable. More particularly, trimethylchlorosilane, methyldichlorosilane. diethyldichlorosilane, 
methyltrichlorosilane, ethyltrichlorosilane. trichlorosilane, dichlorotetramethyl disilane, dichlorotetramethyl disiloxane 
and silicon tetrachloride are preferable. 

As the component (b). diethylaluminum chloride, ethylaiuminum sesquichloride, ethyialuminum dichloride, trim th- 
ylchlorosilane, silicon tetrachloride, dimethyldichlorosilane. methyldichlorosilane, diethyldichlorosilane and trimethyl- 
chlorosilane are preferable among the aforementioned compounds, and trimethylchlorosilane, silicon tetrachloride, 
dimethyldichlorosilane, methyldichlorosilane, diethyldichlorosilane or trimethylchlorosilane is most preferable: 

The component (c) used in the catalyst according to the invention is an aluminoxane having a chemical structure 
shown by the folbwing formula (1 9) or (20): 



25 



25 



(19) 



(-0-Al-)„,2 



(20) 



.25 



(wherein R2S is a hydrocarbon group in a carbon number of 1 -20, and n is an Integer of not less than 2). 

In the aluminoxane represented by the formula (19) or (20), the hydrocarbon group represented by R^^ includ s 
methyl group, ethyl group, propyl group, n-butyt group, isobutyl group, t-butyl group, hexyl group, isohexyl group, octyl 
group, isooctyl group and the like. Among them, methyl group, ethyl group, isobutyl group and t-butyl group are pref- 
erable, and methyl group is rnost preferable. And also, n is an integer of not less than 2, preferably not less than 5, 
more particularly 10-100. 

As the aluminoxane, mention may be made of methylaluminoxane. ethylaluminoxane, n-propylaluminoxane. n- 
butylaluminoxan . isobutylaluminoxane and th lik . 

The production of the aluminoxane may b carried out by any well-known t chniques. For xample. an aluminoxane 
can be produced by adding trialkylaluminum or dialkylaluminum nrtonochlorkle to an organic solvent such as benz ne, 
toluene, xylene or the lik and then adding and r acting water or a salt having water of crystallization such as copper 
sulfate pentahydrate. aluminum sulfate hexad cahydrate or the tike thereto. 
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The component (d) used in the catalyst according to the invention is an organoaluminum compound represented 
by the general formula (1 ) of AIR1R2r3 (wherein R1 and R2 are the same or different and are a hydrocarb^ group 
orSd ?haf R3 ' ° °^ a hydrogen atom, and R3 is a hydrocarbon group having a carbon number of 1 

provided that R3 ,s the same as or different from Ri or R2). which includes, for example, trimethylaluminum, triethyla- 
uminurn, tn-n-propylaluminum. tri-isopropylaluminum. tri-n-butylaluminum. tri-isobutylaluminum. tri-t-butylaluminur^ 
ripentylaluminum. trihexylaluminum. tricyclohexylaluminum, trioctylaluminum. diethylaluminum hydride di-n-proovte- 
luminutT. hydride di-n-butylaluminum hydride, di-isobutylaluminum hydride, dihexylaluminum hydride, di-isohexvlalu- 
minum hydride, dioctylaluminum hydride, di-isooctylaluminum hydride, ethylaluminum dihydrlde. n-propylaluminum 
dihydride. isobu^laluminurn dihydride and the like. Among them, triethylaluminum. tri-isobutylaluminum, diethySumT 
num hydride and di-isobutylaluminum hydride are preferable. ."omyiaiumi 
As the component (d) according to the invention, the above organoaluminum compounds may be used alone or 
in a combination of two or more compounds. 

The amount of each component or composition ratio in the catalyst according to the invention is set to a given 
value in accordance with the use purpose or necessity. > «* sei lo a given 

In this connection, the component (a) is preferable to be used in an amount of O.OOOl-i .0 mmol per 100 a of the 

Sfwhli "^T^" '""^ polymerisation reactivity undeslrabty 

lowers, While when it exceeds 1 .0 mmol, the catalyst concentration becomes undesirably high and the step of removS 
ash IS required. Preferably, the component (a) Is used in an amount of 0.0005-1 0 mmol renrKjving 
Further, a molar ratio of component (a) to component (b) is I:0.i-i:i5, preferably 1:0.5-1:5. Andalso, the amount 
of the component (c) used can be represented by a molar ratio of Al to the component (a), so that the molar ratio of 
component (a to component (c) is 1:1-1:5,000, preferably 1:3-1:1,000. Furthermore, a molar ratio of component (a) 
o o^^T^nno'"' *f P^e'e^ably 1:10-1:300. Moreover, a molar ratb of component (c) to compTenU^ L 1 

defin ° ''t " »^«^°^P°"«"» ^'"^""t or molar ratio of the <S,mponents is outsrdeThi above 
« istdesiZVc;^^ ^ ^ ''"''^'^ °^ ^ —'"9 « -idue 

rrJl^T'^'' !f ''^If^^ components (a) to (d), a conjugated diene compound and/or a non-conjugated diene 
nr™ n '? r.-^'"^""' °' ' °' tf^^ component (a) as another catalyst component, if 

necessary. As the conjugated diene compound used in the production of the catalyst, use may be made of the same 
Sm^nH r P°'y'^«';f '"^"""e^ s"ch as 1 ,3-butadiene. isoprene and the like. As the non^onjugated diene 
compound ment«n may be made of divinylbenzene, diisopropenyl benzene, triisopropenyl benzene 1 Zvinylhexa- 
bLTrfrntS T mT" ^""^ ''^^ "^^ '^oniusated diene compound as a catalyst component is not essential, 
but provides a merrt of further improving the catalytic activity when it is used together with the components (a)-(d) 
« .11 1^1 ^'"'.L 2^ *° '""^ produced, for example, by reacting the components (a)-(d) dissolved in 

case ?hl ^Hi«™ 0"!^ '"'^'^'^ """"" non-conjugated diene compound, i! necessary. InThis 

S?reL,eT«nH th components is optional. It is favorable that these components are previous^ mixed 

and reacted and then aged from a viewpoint of the improvement of polymerization reactivity and the shortening of 
T ^ °^ "^^ temperature is 0-100'C. preferably 20-80'C. When the temperature is lower 
ShLnl '", 7 T"^ "'t?' ''^ *hen exceeds 100-C. the catalytic activity lowers and 

mebroademngof molecular weight distribution may undesirablybecaused. The agl^ 

a n^ "?o?t"ht?ddmon T'" '^r components with elch Sr fn 

a line before the addition to a polymerization reaction vessel and is stable over several days 

In the invention, the conjugated diene compound(s) is polymerized with the cata^st consisting essentially of the 
above components (a)-(d) in an organic hydrocarbon solvent g essemiaiiy ot ine 

Of 1 t\!;,a2«TlmTi'?K''f^ mention may be made 

of 1.3-butadiene, 2-methyl-l,3-butadiene (or isoprene), 2,3-dimethyl-i.3-butadiene, 1,3-pentadiene. 1 3-hexadiene 
cycio 1,3-hexadiene and the like. Among them, 1 ,3-butadiene and isoprene are favorable. These conju^S Ze 

Stur;, reL™r " ^ '"'^^'^''^ °' °^ -^^^^ ^ ^^^^'^-^ obtami^hen using 

hvHrH^rr'"^"*,!."' P°'y"'«"^a«°" an inert organic solvent, which includes, tor example, a saturated aliphatic 
hydrocarbon such as butane, pentane, hexane, heptane orthe like; a saturated alicyclic hydrocarbon such as cyclop n- 
tane, cyclohexane or the like; a monoolefin such as 1 -butene, 2-butene or the like; an aromatic hydrocarbon such as 
.r^hT' H TV^ ,^ T ^"^ ^ ^alogenated hydrocarbon such as methylene chloride, chlorofom.. carbon 

or lhe^lke Perchloroethylene. 1.2-dichloroethane. chlorobenzene. bromobenzene, chlorotoluen 

K Poly^e^^a'to" temperature is usually -30»C - +150»C. preferably 0-100»C. The polym rization reaction may 

be batch type or continuous type. 

Moreover, the cone ntration of the conjugated diene compound as a monomer in the solvent is usually 5-50% by 
weight, preferably 7-35% by weight. y 
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In order to avoid the deactivation of the catalyst according to the inv ntion and the resulting polymer in the pro- 
duction of the final polymer, it is necessary to pr vent the incorporation of-a compound having a deactivation action 
such as oxygen, water, carbon dioxide ga&or the like into the polymerization system as far as possible. 

According to the Invention, a conjugated diene polymer having a high content of cis-1 .4-bond and a sharp molecular 
s weight distribution can be obtained because the specified catalyst is used. 

The conjugated diene polymer obtained by using the catalyst consisting essentially of the components (a)-(d) 
before modification (hereinafter referred to as an unmodified polymer) has a cis-1 ,4-bond content of not less than 90% 
and a Mw (weight-average molecular weighty Mn (number-average molecular weight) ratio of not more than 4 as 
measured by a gel permeation chromatography. 
10 When the cis-1 ,4-bond content in the unmodified polymer is less than 90%, the wear resistance becomes poor. 

Preferably, the cis-1, 4-bond content is not less than 93%. The adjustment of the cis-1 ,4-bond content can easily be 
carried out by properly controlling the polymerization temperature. 

When the Mw/Mn ratio in the unmodified polymer exceeds 4. the wear resistance becomes poor Preferably, the 
Mw/Mn ratio is not more than 3.5, more particularly not more than 3.0. The adjustment of the Mw/Mn ratio can easily 
IS be carried out by properly controlling the molar ratio of the components (a)-(d). 

In the invention, a novel conjugated diene polymer having an increased molecular weight or a branched polymer 
chain is formed by polymerizing the conjugated diene compound(s) with the above catalyst containing the rare earth 
element compound in the inert organic solvent to form an unmodified polymer and then adding at least one compound 
having a specified functional group (selected from the group consisting of the components (e)-(j) as previously men- 
20 lioned) as a modifying agent to react (or modify) an active terminal of the unmodified polymer with the specified func- 
tional group. By such a modification are improved the wear resistance, mechanical properties and cold flow of th 
polymer. 

The component (e) to be reacted with the active terminal of the unmodified polymer Is a halogenated organometallic 
compound or a halogenated metal compound represented by the following formula (2), (3) or (4): 

2S 



30 



35 



45 



SO 



M'X^ (3) 



M'Xg (4) 



(wherein is a hydrocarbon group having a carbon number of 1-20, M' is a tin atom, a silicon atom, a germanium 
atom or a phosphorus atom. X is a halogen atom, and n is an integer of 0-3). 

When M' in the formula (2)- (4) is a tin atom, the example of the component (e) includes triphenyltin chloride, 
tributyltin chloride, tri-isopropyltin chloride, trihexyltin chloride, trioctyltin chloride, diphenyltin dichloride. dibutyltin 
dichloride, dihexyltin dichloride. dioctyltin dichloride, phenyltin trichloride, butyttin trichloride, octyltin trichloride, tin tet- 
^ rachloride and the like. 

When M' in the formula (2)- (4) is a silicon atom, the example of the component (e) includes trtphenyl chlorositane, 
trihexyl chlorosilane, trioctyl chiorosilane, tributyl chlorosilane, trimethyl chlorosilane, diphenyl dichlorosilane, dihexyl 
dichlorosilane, dioctyl dichlorosilane, dibuty I dichlorosilane, dimethyl dichbrosilane, methyl dichlorosilane, phenyl chlo- 
rosilane. hexyl trichlorosilane, octyl trichiorosilane, butyl trichiorosilane, methyl trichlorosilare. silicon tetrachloride and 
the like. 

When M' in the formula (2)-(4) is a germanium atom, the example of the component (e) includes triphenylgerma- 
nium chloride, dibutylgermanium dichloride, diphenylgermanium dichloride, butylgermanium trichloride, germanium 
tetrachloride and the like. 

When M' in the formula (2)~(4) is a phosphorus atom, the example of the component (e) includes phosphorus 
trichloride and the like. 

As the component (e), use may be made of an organometallic compound containing ester group in Its molecule 
shown by the following general formula (5): 

55 R'*„M*(.R^.C00R®)4^ (5) 

(wherein R* and R^ are the same or different and are a hydrocarbon group having a carbon number of 1-20, R^ is a 
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IS 



20 



2S 



30 



hydrocarbon group having a carbon number of 1-20 and may contain an ester group in its side chain. is a tin atom 
a silrcon atom, a germanium atom or a phosphorus atom, and n is an integer of 0-3). . ' 

As the component (e). the above compounds may be used by combining them in an arbitrary ratio 
The component (f ) to be reacted with the active temninal of the unmodified polymer is a heterocumulene compound 
having a chemical structure shown in the following general formula (6): 



Y=C=2 



(Wherein Y is a carbon atom, an oxygen atom, a nitrogen atom or a sulfur atom, and Z is an oxygen atom a nitroqen 
atom or a sulfur atom). ** 

That is. the component (f) is a ketene compound when Y is a carbon atom and Z is an oxygen atom a thioketene 
compound when Y Is a carbon atom and Z is a sulfur atom, an isocyanate compound when Y is a nitrogen atom and 
Z IS an oxygen atom, a thioisocyanate compound when Y is a nitrogen atom and Z is a sulfur atom, a carbodiimide 
compound when both Y and Z are nitrogen atoms, carbon dioxide when both Y and Z are oxygen atoms a carbonvl 
sulfide when Y is an oxygen atom and Z is a sulfur atom, or carbon disulfide when both Y and Z are sulfur atoms 
However. Y and Z in the formula (6) is not limited to these combinations.. 

As the ketene compound, mention may be made of ethylketene. butylketene, phenylketene. toluylketene and the 



toluy^hioTete^falTdThn.^^^^^^^ """" °' "''"""^ ^oHe^^ne. bu.ylthiokelene. phenylthioket ne. 

As the isocyanate compound, mention may be made of phenyl isocyanate. 2.4-tolylene diisocyanate 2 6-tolylene 
diisocyanate. diphenylmethane diisocyanate. polymeric type diphenylmethane diisocyanate. hexamethylene diisocv- 
anate and the like. ' 

As the thioisocyanate compound, mention may be made of phenyl thioisocyanate. 2,4-tolylene dithioisocvanat 
hexamethylene dithioisocyanate and the like. y ' • 

As the carbodiimide compound, mention may be made of N.N'^iphenylcarbodiimide. N.N'-diethylcarbodiimid 
and the like. 

The component (g) to be reacted with the active terminal of the unmodified polymer is a hetero three-membered- 
ring containing compound having a chemical structure shown by the following general formula (7): 



3S 



40 



4S 



..... (7) 

Y* 

(wherein Y' is an oxygen atom, a nitrogen atom or a sulfur atom). 

That is. the component (g) is an epoxy compound when Y' is an oxygen atom, an ethyleneimine compound when 
Y IS a nitrogen atom, or a thiirane compound when Y' is a sulfur atom. 

As the epoxy compound, mention may be made of ethylene oxide, propylene oxide, cyclohexene oxide styren 
oxide, epoxidated soybean oil, epoxidated natural rubber and the like. 

As the ethyleneimine compound, mention may be made of ethyleneimine. propyleneimine, N-phenyl ethyleneimine. 
N-(p-cyanoethyl) ethyleneimine and the like. k r y «. . mo. 

As the thiirane compound, mention may be made of thiirane. methyl thiirane. phenyl thiirane and the like 
The component (h) to be reacted with the active terminal of the unmodified polymer Is a halogenated isocvano 
compound having a chemical structure shown by the foltowing general formula (21 ): 

so -N=C-X (21) 

(wherein X is a halogen atom). 

As the hatogenated isocyano compound, mention may be made of 2-amino^^hloropyridine. 2.5KJibromopyridin 
4^hloro-2-phenyl quinazoline. 2.4,5-tribromo imidazole. 3.6-dichloro-4-methyl pyridazine. 3.4.5-trichloro pyridazine' 
SB 4-amino-6-chloro-2-m rcapto pyrimidin . 2-amino-4-chloro-6-methyl pyrimidine. 2-amino-4.6-dichk5ro pyrimidin ' 
6-chloro-2,4-dimethoxy pyrimidin , 2-chloropyrimldine. 2.4<«chloro.6-methyl pyrimidine. 4.6.dichloro-2-(methylthio) 
pyriniidine. 2.4.5.6-tetrachloro pyrimidine. 2.4.6-trichloro pyrimidine. 2-amino-6H:hloro pyrazine. 2 6-dichloro pyrazine 
2.4-bis (methylthio)-6K:hloro-1 .3.5-tria2ine. 2.4.6-trichloro-1 .3.5-triazine. 2-bromo-5-nitrothia2ole. 2-chloroben20 thia- 
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zole, 2-chlorob nzo oxazole and the like. 

The component (i) to be reacted with the active terminal of the unmodified polymer is a carboxylic acid, an acid 
halide, an ester compound, a carbocylic ester compound or an acid anhydride having a chemical structure as shown 
by the following formulae (8)-(l3): 



R^(COOH)^ (8) 

R®.(COX)^ (9) 

R®-(CCX)-R^*^) (10) 

R^^-OCOO-R^^ (11) 

R^^-(COOCO-R^^)^ (12) 




(13) 



(wherein R^ to R^^ are the same or different and are a hydrocarbon group having a carbon number of 1-50. X is a 
halogen atom, and m is an integer of 1-5). 

As the carboxylic acid shown by the forrnula (8), mention may be made of acetic acid, stearic acid, adipic acid, 
maleic acid, benzoic acid, acrylic acid, methacryllc acid, phthalicacid. isophthallc acid, terephthalic acid, trimellltic acid, 
pyromeliitic acid, melllttc acid, full or partial hydrate of polymethacryllc acid ester compound or polyacrylic acid ester 
compound and the like. 

As the acid halide shown by the formula (9), mention may be made of acetic acid chloride, propionic acid chloride, 
butanoic acid chloride, isobutanok: acid chloride, octanoic acid chloride, acrylic acid chloride, benzoic acid chlorid , 
stearic acid chloride, phthalic acid chloride, maleic acid chloride, oxalic acid chloride, acetyl iodide, benzoyl iodid , 
acetyl fluoride, benzoyl fluoride and the like. 

As the ester compound shown by the formula (10), mention may be made of ethyl acetate, ethyl stearate. diethyl 
adipate. diethyl nnaleate, methyl benzoate^ ethyl aery late, ethyl methacrylate. diethyl phthalate. dimethyl terephthalate. 
tributyl trimellitate. tetraoctyl pyromellitate. hexamethyl mellitate. phenyl acetate, pplymethyl methacrylate. polyethyl 
acrylate. polylsobutyl acrylate and the like. As the carbonic ester compound shown by the formula (11 ). mention may 
be made of dimethyl carbonate, diethyl carbonate, dipropyl carbonate, dihexyl carbonate, diphenyl carbonate and the 
like. 

As the intermolecular acid anhydride shown by the formula (12), mention may be made of acetic anhydride, pro- 
pionic anhydride, isobutyric anhydride, isovaleric anhydride, heptanoic anhydride, cinnamic anhydride, benzoic anhy- 
dride and the like. As the Intramolecular acid anhydride shown by the formula (13), succinic anhydride, methylsucclnic 
anhydride, maleic anhydride, glutark: anhydride, citraconlc anhydride, phthalk: anhydride, styrene-maleic anhydride 
copolymer and the like. 

Moreover, the compound as the component (i) may contain a non-protonic polar group such as ether group, tertiary 
amino group or the like in its molecule within a range not damaging the object of the invention. And also, the compounds 
as the component (i) may be used alone or in a combination of two or more compounds. Further, the component (i) 
may contain a compound having free alcohol group or phenyl group as an impurity 

The component (j) to be reacted with the active terminal of the unmodified polymer is a metal salt of carboxylic 
acid having a structure as shown by the formulae (1 4)-(1 6): 
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r'%m-(ocor'Vi 



R'%M-{0C0-R^®-C00R^°)4.^ 



(14) 
(15) 



10 



16 . 




O 
II 
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o 



s22 



(16) 



2-1 
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SO 



ss 



(wherein R^^ to R22 are the same or different and are a hydrocarbon group having a carbon number of 1-20, M" is a 
tin atom, a silicon atom or a germanium atom, and 1 is an integer of 0-3). 

As the compound shown by the formula (1 4). mention maybe made of triphenyltin laurate, triphenyltin-2-ethylhex- 
alale. triphenyllin naphlhenale, triphenyltin acetate, triphenyllin acrylate, tri-n-bulyltin laurate. tri-n-butyltin-2-ethylhex- 
atate, tri-n-butyltin naphthenate, tri-n-butyltin acetate, tri-n-butyltin acrylate, tri-t-butyltin laurate. tri-t-butyltin-2-ethyl- 
hexatate, trl-t-butyltin naphthenate. tri-t-butyltin acetate, trr-t-butyltin acrylate. tri-isobutyltin laurate. tri-isobutyltin- 
2-ethylhexatate. tri-isobutyltin naphthenate. tri-isobutyltin acetate, tri-isobutyltin acrylate. tri-isopropyltin laurate. tri- 
ispropyltin-2-ethylhexatate, tri-isopropyltin napthenate, tri-isopropyltin acetate, tri-isopropyltin acrylate. trihexyltin lau- 
rate. trihoxyltin-2-ethylhexatate, trihexyltin acetate, trihexyltin acrylate, trioctyltin laurate. trioctyttin-2-ethylhexatat . tri- 
octyltin napthenate, trioctyltin acetate, trioctyltin acrylate, lri-2-ethylhexyltin laurate. tri-2-ethylhexyltin-2-ethylhexatate, 
tri-2-ethylhexyltin naphthenate, tri-2-ethylhexyltin naphthenate. tri-2-ethylhGxyltin acetate, tri-2-ethylhexyrtin acrylate! 
tristearyltin laurate. trlstearyltin-2-ethylhexatate, tristearyltin naphthenate. tristearyltin acetate, tristearyltin acrylate! 
tribenzyltrn laurate. tribenzyltin-2-ethylhexatate. tribenzyltin naphthenate, tribenzyltin acetate, tribenzyltin acrylate! 
diphenyltin dilaurate. diphenyltin-di-2-ethylhexatate. diphenyltin distearate, diphenyltin dinaphthenate, diphenyltin dia- 
cetate. diphenyltin diacrylate. di-n-butyltin dilaurate. di-n-butyltin-di-2-ethylhexatate. di-n-butyltin distearate. di-n-butyl- 
tin dinaphthenate. di-n-butyltin diacetate. di-n-butyltin diacrylate. di-t-butyltin dilaurate, di-t-butyltin-di-2-ethylhexatate. 
dl-t-butyltin distearate. di-t-butyltin dinaphthenate. di-t-butyltin diacetate. di-t-butyltin diacrylate. di-isobutyltin dilaurate! 
di-isobutyltin di-2-ethylhaxatate. di-isobutyltin distearate. di-isobutyltin dinaphthenate, di-isobutyltin diacetate. di-iso- 
butyltin diacrylate. di-isopropyltin dilaurate, di-isopropyltin-di-2-ethylhexatate, di-isopropyltin distearate. di-isopropyltin 
dinaphthenate. di-isopropyltin diacetate. di-isopropyltin diacrylate. dihexyltin dilaurate. dihexyltin di-2-ethylhexatate. 
dihexyltin distearate, dihexyltin dinaphthenate, dihexyltin diacetate. dihexyltin diacrylate, di-2-ethylhexyltln dilaurate! 
di-2-ethylhexyltin-di-2-ethylhexa1ate. di-2-ethylhexyltin distearate, di-2-ethylhexyltin dinaphthenate, di-2-ethylhexyltiri 
diacetate, di-2-ethylhexyltin diacrylate. dioctyltin dilaurate. dioctyltin di-2-ethylhexatate, dioctyltin disiearate, dioctyltin 
dinaphthenate, dioctyltin diacetate. dioctyltin diacrylate, distearyltin dilaurate. distearyltin-di-2-ethylhexatate,'distearyl- 
tin distearate. distearyltin dinaphthenate, distearyltin diacetate, distearyltin diacrylate, dibenzyltin dilaurate, dibenzyltin 
dl-2-ethylhexatate, dibenzyltin distearate. dibenzyltin dinaphthenate. dibenzyltin diacetate. dibenzyltin diacrylate. phe- 
nyltin trilaurate, phenyltin tri-2-ethylhexatate. phenyltin trinaphthenate, phenyltin triacetate, phenyltin triacrylate. n- 
butyltin trilaurate, n-butyltin tri-2-ethylhexatate, n-butyltin trinaphthenate, n-butyltin triacetate, n-butyltin triacrylate, t- 
butyltin trilaurate, t-butyltin tri-2-ethylhexatate, t-butyltin trinaphthenate, t-butyltin triacetate, t-butyltin triacrylate: iso- 
butyltin trilaurate. isobutyltin tri-2-ethylhexatate. isobutyltin trinapthenate. isobutyltin triacetate, isobutyltin triacrylate, 
isobutyltin trilaurate. isopropyitintri-2-ethylhexatate. isopropyltin trinaphthenate. isopropyltin triacetate, isopropyltln tri- 
acrylate. hexyllin trilaurate. hexyltin lri-2-elhylhexatate, hexyllin trinaphthenate, hexyltin triacetate, hexyllin triacrylate. 
octyltin trilaurate, octyltin tri-2-ethylhexatate, octyltin trinaphthenate, octyltin triacetate, octyltin triacrylate. 2-ethylhex- 
yllin trilaurate. 2-ethylhexyltrn tri-2-ethylhexatate, 2-ethylhexyltln trinaphthenate. 2-ethylhexyltin triacetate! 2-ethylh x- 
yltin triacrylate, stearyltin trilaurate. stearyltin tri-2-ethylhexatate. stearyltin trinaphthenate. stearyltin triacetate, stearyl- 
tin triacrylate. benzyltin trilaurate. benzyltin tri-2-ethylhexatate. benzyltin trinaphthenate. benzyltin triacetate, benzyltm 
triacrylate and the like. 

As the compound shown by the formula (15). mention may b mad of diph nyltin bismethylmaleat , diphenyltin 
bis(2-ethylhexatate), diphenyltin bis(octylmaleate). diphenyltin bisbenzylmal ate. di-n-butyltin bism thylmaleat . dl-n- 
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butyltin bis(2-ethylhexatate), di-n-butyltin bis(cx;tylmaleate), di-n-butyltin bis(benzylmaleate). di-t-butyltin bismethyl- 
maleate, di-t-butyltin bis(2-ethylhexatate). di-t-butyltin bis(octylmaleate). di-t-butyltin bisbenzylnnaleate, di-isobutyltin 
bismethylmaleate. di-isobutyltin bis-2-ethylhexatate. di-isobutyltin bisoctylmaleate. di-isobutyltin bisbenzylmaleate. di- 
isopropyltin bismethylmaleate. di-isopropyltin bis-2-ethylhexatate. di-isopropyltin bisoctylmaleate, di-isopropyltin bis- 
benzylmaleate. dihexyitin bismethylmaleate. dihexyltin bis-2-ethylhexatate. dihexyltin bisoctytmateate, dihexyltin bis- 
benzylmaleate, di-2-ethylhexyltin bismethylmaleate, dl-2-ethylhexyltln bis-2-ethylhexatate. di-2-ethylhexyltin bisoctyl- 
maleate, di-2-ethylhexyltin bisbenzylmaleate, dioctyltin bismethylmaleate, dioctyltin bis-2-ethylhexatate. dioctyltin 
bisoctylmaleate, dioctyltin bisbenzylmaleate, distearyltin bismethylmaleate, distearyltin bis-2-ethylhexatate. distearyltin 
bisoctylmaleate. distearyltin bisbenzylmaleate, dibenzyltin bismethylmaleate. dibenzyltin bls-2-ethyihexatate. diben- 
zyltin bisoctylmaleate, dibenzyltin bisbenzylmaleate, diphenyltin bismethytaditate, diphenyltin bisoctyladltate. diphe- 
nylttn bisbenzyladitate, di-n-butyltin bismethytaditate. di-n-butyltin bisoctyladitate: di-n-butyltin bisbenzyladitate, di-t- 
butyltln bismethyladitate, di-t-butyltin bisoctyladltate, di-t-butyltin bisbenzyladitate, di-isobutyltin bismethyladitate. di- 
isobutyitin bisoctyladltate, di-isobutyltin bisbenzyladitate, di-isopropyltin bismethyladitate. di-isopropyltin bisoctyladl- 
tate. di-isopropyltin bisbenzyladitate, dihexyltin bismethyladitate. dihexyltin bisoctyladltate, dihexyltin bisbenzyladitate, 
di-2-ethyihexyltin bismethyladitate, di-2-ethylhexyltin bisoctyladltate, di-2-ethylhexyltin bisbenzyladitate, dioctyltin bis- 
methyladitate, dioctyltin bisoctyladltate, distearyltin bismethyladitate, distearyltin bisoctyladltate, dioctyltin bisbenzyla- 
ditate, distearyltin bisbenzyladitate, dibenzyltin bismethyladitate. dibenzyltin bisoctyladitate, dibenzyjtln bisbenzyladi- 
tate and the like. 

As the compound shown by the formula (16), mention may be made ot diphenyltin maleate. di-n-butyltin maleate, 
di-l-butyllin maleate. di-isobutyltin maleale, di-isopropyltin maleate, di-isopropyltin maleate, dihexyltin maleate, di- 
2-ethylhexyltin maleate, dioctyltin maleate, distearyltin maleate, dibenzyltin maleate. diphenyltin aditate. di-n-butyltin 
aditate, di-t-butyltin aditate, di-isobutyltin aditate, di-isopropyltin aditate, dihexyltin aditate, di-2-ethylhexyltin adiate, 
dioctyltin aditate, distearyltin aditate, dibenzyltin aditate and the like. 

The components (e)-(j) as a.moditying agent may be used alone or in admixture of two or more components. 

The amount of the modifying agent used to the component (a) is 0.01-200, preferably 0.1-150 as a molar ratio. 
When the amount is less than 0.01. the reaction does not sufficiently proceed and the effect of improving the wear 
resistance and cold flow is not developed, while when it exceeds 200, the effect of improving the properties is saturated, 
and it is not preferable from a viewpoint of economical reason, and an insoluble matter in toluene (gel) is undesirably 
created according to occasions. 

It is desirable that the modification reaction is carried out at a temperature of not higher than 160'*C, preferably 
-30*»C - +130"C for 0.2-5 hours. 

After the modification reaction, an objective polymer can be recovered by adding a short-stop and a polymerization 
stabilizer to the reaction system, if necessary, and conducting well-known desoivation and drying operation in the 
production of the conjugated diene polymer. 

The conjugated diene polymer obtained after the modifk:ation preferably has a Mw/Mn ratio of not more than 4 
and a cis-1 ,4-bond content of not less than 90%. 

When the Mw/Mn ratio exceeds 4, the wear resistance becomes poor. When the cis-1 ,4-bond content is less than 
90%, the wear resistance becomes poor. Preferably, the cis-1 .4-bond content is not less than 93%. 

Furthermore, the modified conjugated diene polymer Is favorable to have a Mooney viscosity at 1 0O^C of 10-1 50. 
When the Mooney viscosity is less than 1 0, the wear resistance after vulcanization becomes poor, while when it exceeds 
150, the processability in the kneading becomes poor. 

And also, the weight-average molecular weight (Mw) in terms of polystyrene is usually 1 00,000-1 .50,000. preferably 
1 50,000-1 ,000,000. When Mw is outside the above range, the processability and properties of vulcanizate become 
undesirably poor 

The conjugated diene polymer(s) according to the invention Is used in applications requiring mechanical properties 
and wear resistance such as tread, sidewall and various rubber members in tires for passenger car, truck, bus and 
winter-season tires such as studless tire or the like, hoses, belts, vibration damping rubbers, various industrial goods 
and the like by using the polymer alone or blending with another synthetic rubber or natural rubber, extending with a 
process oil, if necessary, and adding with a filler such as carbon black or the like, a vulcanizing agent, a vulcanization 
accelerator and the other usual additives and then vulcanizing them. As the synthetic rubber, use may be mad of 
emulsion-polymerized SBR, solution-polymerized SBR, polyisoprene, EP(D)M, butyl rubber, hydrogenated BR, hydro- 
genated SBR and the like. 

The following examples are given in illustration of the invention and are not intended as limitations thereof. 
In these examples, part and % are by w ight unless oth rwisespecifi d. And also, various m asur m ntsinth se 
xamples are conducted according to th following methods. 
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Moonev viscosity (Ml ^ 100«>C^ 

ltismeasuredatatemperatureof100«Cforameasuringtimeof4m 
Microstructure fcis-1 .A-b ond content, vinvl-1 .2-bond contenn 

It is measured by an infrared ray method (Morero's method). 
Number-avefaae molecular weight (hAnV weight-average molecular weight fMw) 

.he i:^::::^:;:^' HLC^I^OGPC made byroso Cc. and a dmerentia. refractometer as a detector under 

Column: column GMHHXL made by Toso Co., Ltd. 
Mobile phase: tetrahydrofuran 

Cold flow 

3 5 ILt^^Z'rT ? r"'™'""? I ^" °' '"'^'^ ^' ^ temperature of SCC under a pressure of 

fnd mL!. ^T""^' " '° '° "^'"""^^ °'^'^'"'"9 a steady state, the extrusion rate is measur^ 

and the measured value IS represented by milligram every minute (mg/min). is measurea 

[Properties of vulcanizate] 
Tensile strength 

are miLTed'"'^ """^"""^ '° ^'^ '^"""^ "^^^l* ^"'^ «^"9^«on ^t break (EB) 

Rebound resilience 

It is measured at 50»C by using a rebound resilience tester made by Dunlop Corp. 
Wear resistance 

Giken' J^Tfd ^^rSl Ifi'? f ^"^ temperature by using a Lamboum abrasion tester (made by Shimada 

^ wear resistance » represented by an index on the basis that Comparative Example lis 100 
th« measurement of properties of vulcaniate. a test specimen is produced by using a polymer prepared in 

- following example or comparative example and kneading it with other ingredients according tS trfolSg im- 
pounding recipe and then press-vulcanizing them at 145«C tor an optimum time knowing com 



Compounding recipe 


(part) 


Polymer 


50 


Natural rubber 


50 


Carbon black ISAF 


50 


Zinc white 


3 


Stearic acid 


3 


Antioxidant 


1 


Vulcanization accelerator (^2) 


0.8 


Sulfur 


1.5 



•1 ) N-isopropyl-N'-phenyl-p-phenylenediarnine 
•2) N-cyclohexyl-2-benzothiazyl sulfenaniide 



Example 1 



diene tn a nitrogen almospher . ^ i.^wuta 
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Into the resulting mixture is charged a catalyst obtained by previously nnixing a cyclohexane solution containing 
neodymium octRnoat (0.18 mmol) and acetylacetone (0.37 namol). a solution of methylaluminoxane (18.5 mmol) in 
toluene, a solution of di-isobutylalunninum hydride (3.9 mmol) in hexane and a solution of diethylaluminum chloride 
(0.37 mmol) in hexane and aging them with an amount of 1.3-butadiene corresponding to 5 times of neodymium amount 
5 at 25'C for 30 minutes to conduct polymerization at 50°C for 30 minutes. The reaction conversion of 1 ,3-butadiene is 
approximately 1 00%. In order to measure Mooney viscosity, a part of the resulting unnnodified polymer solution is taken 
out and solidified and dried. The Mooney viscosity is 30, the cls-1.4-bond content is 97.0%. and the vinyl-1 .2-bond 
content is 1.1%, and Mw/Mn ratio is 2.2. 

Then, the unmodified polymer solution is added with tin tetrachloride (7.2 mmol) as a modifying agent while main- 
10 taining the temperature at SO^'C and thereafter left to stand for 30 minutes with stirring and then added with a methanol 
solution containing 1.5 g of 2,4-dj-t-butyl-p-cresol to stop polymerization, which is desolvated by steam stripping and 
dried on a roll at 110®C to obtain a modified polymer 

This polymer has a Mooney viscosity (ML^ 1 00*C) of 42 and a cold flow of 1 .5 mg/min. Furthermore, a vulcanizate 
obtained by using this polymer has properties as shown in Table 1 . . 

IS 

Example 2 

A polymer is obtained in the same manner as in Example 1 except that phenyltin trichloride (9.40 mmol) is used 
as a modifying agent to be reacted with the unmodified polymer of Example 1. The properties of this polymer and 
20 properties of a vulcanizate using the same are measured to obtain results as shown in Table 1 . Moreover, the polymer 
before the addition of the above modifying agent has a Mooney viscosity of 31, a cis-1,4-bond content of 97.2%, a 
vlnyl-1 ,2-bond content of 1 .2% and a Mw/Mn ratio of 2.2. 

Example 3 

2S 

A polymer is obtained in the same manner as in Example 1 except that silicon tetrachloride (7.20 mmol) is used 
as a modifying agent to be reacted with the unmodified polymer of Example 1. The properties of this polymer and 
properties of a vulcanizate using the same are measured to obtain results as shown in Table 1 . Moreover, the polym r 
before the addition of the modifying agent has a Mooney viscosity of 29, a cis-1.4-bond content of 97.1%. a vinyl- 
30 1 ,2-bond content of 1 . 1 % and a Mw/Mn ratio of 2. 1 , 

Example 4 

A polymer is obtained in the same manner as in Example 1 except that polymeric type diphenylmethane diisocy- 
3S anate (c-MDI, 7.20 mmol) is used as a modifying agent to be reacted with the unmodified polymer of Example 1 . The 
properties of this polymer and properties of a vulcanizate using the same are measured to obtain results as shown in 
Table 1 . Moreover, the polymer before the addition of the modifying agent has a Mooney viscosity of 32, a cis-1 ,4-bond 
content of 97. 1 %, a vinyl-1 ,2-bond content of 1 .2% and a Mw/Mn ratio of 2.2. 

40 Example 5 

A polymer is obtained In the same manner as In Example 1 except that carbon disulfide (14.40 mmol) is used as 
a modify ing agent to be reacted with the unmodified polymer of Example 1 . The properties of this polymer and properties 
of a vulcanizate using the same are measured to obtain results as shown in Table 1 . Moreover, the polymer before the 
4S addition of the modifying agent has a Mooney viscosity of 32, a cis-1 ,4-bond content of 96.9%. a vinyl-1 ,2-bond content 
of 1 .2% and a Mw/Mn ratio of 2. 1 . 

Example 6 

so A polymer is obtained in the same manner as in Example 1 except that styrene oxide (14.40 mmol) is used as a 

modifying agent to be reacted with the unmodified polymer of Example 1 . The properties of this polymer and properties 
of a vulcanizate using the same are measured to obtain results as shown in Table 2. Moreover, the polymer before the 
addition of the modifying agent has a Mooney viscosity of 31 . a cis-1 .4-bond content of 97.2%. a vinyl-1 .2-bond cont nt 
of 1 .3% and a Mw/Mn ratio of 2. 3. 

55 

Example 7 

A polym r is obtained in the same manner as in Example 1 except that 2,4.6-trichloro-1.3,5-triazine (TCT, 14.40 , 
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10 



IS 



2S 



3S 



40 



45 



SO 



ss 



mmol) is used as a modifying agent to be reacted with the unmodified polymer of Examol 1 The nmnorti^e ^u- 
polymer and properties of a vulcani.ate using the same are measured to obtain resuS aT^in^J T^^^^^^^^^ 
the polymer before th addition of the modifying agent has a Mooney viscosity of 31 . a cis^ 4rord c^^^^^^^ 
avinyM.2-bondcontentof 1.1%andaMw/Mnratioof2.2. ^ s i oona content of 97.0%. 



Example 8 



mnnl'^ ^""^'.'^ I " '!! "'^""^^ ^^^'"P'^ ^ «'''=«P' «hat adipic acid (3.60 mmol) is used as a 

majrfy,ng agent to be reacted with the unmodified polymer of Example 1 . The properties of this polyr^e° ar^^ primes 

«ddi,inn nh !^'".^ ^ "^""^ '"^^'"^"^ '° ^'''^'^ ^'^"^ T^'^'^ 2. Moreover, the polymer Srl he 

:fTi%a°:::rrriror2i^^^^^^^ 



Example 9 



=.c / ^^r^' Obtained in the same manner as in Example 1 except that dimethyl terephthalate (3 60 mmol) is used 
as a mod.fy.ng agent to be reacted with the unmodified polymer of Example 1. The properties onhis po^L ind 

??.Snrc<jsrfr^!.rs^^^^ ^'^'^-"^ °' ^ •^---'-^ — t o, 97.i%;a w 



^0 1 .2-bond conlenl of 1 .2% and a Mw/IVln ratio of 2. 1 
Example 10 



„«»H P^'y"^^ '^/"''^'"^d <he same manner as in Example 1 except that isophthalic acid chloride (3 60 mmoli Is 
used as a modrfyng agent to be reacted with the unmodified polymer of Example 1 . The properties offhte SymTr and 

ZreTeldSnTm ' "J:!^ """'"^"^ '° ^^^""^ ^« T^bte 2. More<J^r.^e po^m r 



30 Example 11 



A polymer is obtained in the same manner as in Example 1 except that diethyl adipate (3 60 mmol) is used as a 
modifying agent to be reacted with the unmodified polymer of Example 1 The properties of this ~SJmTr 1h ^1 ! 

:i^«^n^Mr '^"r" "^^^"^^^ '° ^-^^^^ ^-""^ - 'hownin TabTeT^Srive^ ^ 



of 1 .2% and a Mw/Mn ratio of 2.2. 
Example 12 



/r^r^' ° f ^''^ "^""^^ Example 1 except that diphenyl carbonate (3 60 mmol) is used 
Trr^T^ ^r^ '^^"'^ unmodified polymer of Example 1. The properties of L3yrr^er 



Example 13 



« . 'l!^^^' '^^ ^'"^ '""""^^ " ^'^^'^P'^ ' ^'''^^P' heplanoic anhydride (5 40 mmol) is used 

as a mod.ty.ng agent to be reacted with the unmodified polymer of Example 1. The properties S mis3lr^d 

before the addrt.on of the modifying agent has a Mooney viscosity of 31. a cis-1 4-bond content of Q7 rw = w^wi 
1,2-bond content of 1.2% and a Mw/Mn ratio of 2.3. • « cis i .4 Dond content of 97.0%. a vinyl- 



Example 14 



«c / ^ ^^'"^^ ""^""^^ ^® " ^''^P' ' ^""""^P^ citraconic anhydride (5 40 mmol) is used 

as a modifying agent to be reacted with the unmodified polymer of Exempt 1 . Th properties of tt^s pooler 
properties of a vulcan.zate using the same are measured to obtain r suits as shown in Tat^e 3. Moreover the pol^me^ 
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before the addition of the modifying agent has a Mooney viscosity of 31. a cis-l.4-bond content of 96.9%, a vinyl- 
1 , 2-bond content of 1 .2% and a Mw/Mn ratio of 2. 1 . 

Example 15 

5 

A polymer is obtained in the same manner as in Example 1 except that 0.90 mmol of divinylbenzene is used instead 
of 1 ,3-butadiene in the preparation of the catalyst. The properties of this polymer and properties of a vulcanizate using 
the same are measured to obtain results as shown in Table 3. Moreover, the polymer before the addition of the modifying 
agent has a Mooney viscosity of 31 . a cis-1 ,4-bond content of 97.1 %. a vinyl-1 .2-bond content of 1 .1% and a Mw/Mn 
10 ratio of 2.2. 

Example 16 

A polymer is obtained in the same manner as in Example 1 except that dioctyltin dilaurate (14,2 mmol) is used as 
IS a modifying agent to be reacted with the unmodified polymer of Example 1 The properties of this polymer and properties 
of a vulcanizate using the same are measured to obtain results as shown in Table 4. Moreover, the polymer before the 
addition of the modifying agent has a Mooney viscosity of 32, a cis-1 ,4-bond content of 97.0%. a vinyl-l .2-bond content 
of 1 .2% and a Mw/Mn ratio of 2.2. 

20 Example 17 

A polymer is obtained in the same manner as in Example 1 except that dioctyltin bisoctylmaleate (14.2 mnriol) is 
used as a modifying agent to be reacted with the unmodified polymer of Example 1 . The properties of this polymer and 
properties of a vulcanizate using the same are measured to obtain results as shown in Table 4. Moreover, the polym r 
2S before the addition of the modifying agent has a Mooney viscosity of 29, a cis-1, 4-bond content of 96.9%. a vinyl- 
1 . 2-bond content of 1 . 1 % and a Mw/Mn ratio of 2. 1 . 



Example 18 

30 A polymer is obtained in the same manner as in Example 1 except that dioctyltin maleate (1 4.2 mmol) is used as 

a modifying agent to be reacted with the unnrKxJif ied polymer of Example 1 . The properties of this polymer and properties 
of a vulcanizate using the same are measured to obtain results as shown in Table 4. Moreover, the polymer before the 
addition of the modifying agent has a Mooney viscosity of 31 . a cis-1 .4-bond content of 97.1%. a vinyl-1 , 2-bond content 
of 1 .2% and a Mw/Mn ratio of 2. 1 : 



3S 



45 



55 



Comparative Example 1 



A polymer is obtained in the same manner as in Example 1 without reacting with the modifying agent. The properties 
of this polymer and properties of a vulcanizate using the same are measured to obtain results as shown in Table 5. 
40 Moreover, the unmodified polymer has a Mooney viscosity of 31 . a cis-1 .4-bond content of 97.0%. a vinyl-1, 2-bond 
content of 1 . 1 % and a Mw/Mn ratio of 2.2. 

When Examples 1-18 are compared with Comparative Example 1, It is understood that the cold flow in thes 
examples is low or the cold flow is reduced by polymerizing 1.3-butadiene in the neodymium catalyst system and 
reacting with the specified modifying agent. 



Comparative Example 2 



A polymer is obtained in Ihe same manner as in Comparative Example 1 except that the amount of methylalumi- 
noxane is 4.7 mmol and the amount of di-isobutylaluminum hydride is 3.8 mmol. The properties of this polymer and 
so propertiesofavulcanizateusingthesamearemeasuredtoobtainresultsasshownin Tables. Moreover, theunmodifi d 

polymer has a Mooney viscosity of 34, a cis-1 .4-bond content of 97.0%. a vinyl-1. 2-bond content of 1.1% and a Mw/ 
Mn ratio of 3.6. 



Example 1 9 

A polymer is obtained in the same manner as in ExampI 1 xcept that the amount of tin tetrachlorid as a modifying 
agent is 14 4 mmol. The properti s of this polymer and prop rti s of a vulcanizate using the same are measured to 
obtain results as shown in Table 5. Moreover, the polymer before the additiori of the modifying agent has a Mooney 
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viscosity of 29. a cis-1 .4-bond content of 97.2%. a vinyl- 1 .2-bond content of 1 .2% and a Mw/Mn ratio of 2.2. 
Example 20 

* ..^H °''/^-!-u®'' ^''^ ^^""^ '"^""^^ Example 1 except that the amount of tin tetrachloride as a modlfvina 

agent is 21 6 mmol. The properties of this polymer and properties of a vulcanizate using the same are measured to 
obtain results as shown in Table 5. Moreover, the polymer.before the addition of the modifying agent has a Moonev 
viscosity of 31. a c,s-1.4-bond content of 97.1%. a vinyl-1, 2-bond content of 1.1% and a Mw/Mn ratio of 2^2 

Comparative Example 3 

Vulcanization properties of a commercially available polybutadlene rubber (polybutadiene BROl made bv JSR 
Corporation) are shown in Table 5. r 7 . laue oy jon 

IS of ,in\l?rhrr'^ 1 . 1 9 and 20 that the effect of improving the cold flow becomes better as the amount 

^» Of tin tetrachloride added increases. amwuni 
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Table 4 







Example 16 


Example 17 


Example 18 


5 


Modifying agent 


diocyltin dilaurate 


dioctyltin bisoctylmaleate 


dioctyltin maleate 




addition amount (mmol) 


14.4 


14.4 






Properties after the addition of modifvina 
agent 








10 
IS 


cis-1.4-bond (%) 
vinyM,2-bond (%j 
Mw/Mn 

iviui^iicy viouooiiy ^(VlL,i^, lUU 

Cold flow (mg/min) 


97.0 
1.2 
3.3 
41 
1.5 


96.9 
1.1 
3.5 
39 
1.4 


97.1 
1.2 
3.2 
43 
1.6 


20 


ProDerties of vulcanizate 

TB (MPa) 

EB(%) 

Rebound resilience (25**C. %) 
Wear resistance (index) 


27.1 
475 
65 
137 


27 
465 

63 
135 


- 27.6 
470 
66 
138 
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Modifying agent 
addition amount (mmol) 


Properties after the addition 
of modi f vino aaent 
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ProDerties of vulcanizate 


TB (MPa) 
EB (%) 

Rebound resilience (25''C, %) 
Wear resistance (index) 
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Comparative Example 4 

HxJT'' ^" T"^^^""^ ^ ^^P^^'^y parsed with nitrogen are charged 2 A kg of cyclohexane and 300 g of 1 3-buta- 
diene in a nitrogen atmosphere. ^ y i ,o ouia- 

.uJnT^r. resulting mixture is charged a catalyst obtained by previously mixing a solution of neodymium octanoate 
(Nd(Oc )3, 0.09 mmol) ,n cyclohexane. a solution of methylaluminoxane (MAO. 2.7 mmol) in toluene a solution oTd,^ 
isobuty^alum,num hydnde (AliBu,H. 4.7 mmol) and diethylaluminum chloride (AIEt,CI. 0.09 mmol) in Cyclohexane and 
ag-ng them w h an amount of 1 .3-butadiene corresponding to 5 times of neodymium amount at 50-C for i minutes 
to conduct polymerization at 80'C for 1 hour " ^ lui ou minutes 

After the completion of polymerization, a methanol solution containing 0.3 g of 2.4-di-t-butyi-p-cresol is added to 

1^1 k""^.?®' ^ °* 9- ^ "^"^"^y y^scos^'^ (ML,^. 1 00°C) of 45. a cis-1 ,4-bond content of 96 5% a 
obtained by using this polymer has properties as shown in Table 6. . uicanizaie 

Comparative Example 5 

A polymer is obtained in the same manner as in Comparative Example 4 without using diethylaluminum chloride 
Tabte"; """^^""^^ °' ^ vulcanizate using the same are measured to obL results as sho^ 

Example 21 

di«nlrln r °* ^ '*lf ' ''^P^'^^y P"^9ed with nitrogen are charged 2.5 kg of cyclohexane and 300 g of 1 .3-buta- 

diene in a nitrogen atmosphere. »"■■,<> uuua 

Into the resulting mixture is charged a catalyst obtained by previously mixing a cyclohexane solution containina 
neodymKim octanoate (Nd(Oct)3. 0 09 mmol), a solution of methylaluminoxane (MAO. 2.7 mmol) in toluene. a^SS 
of dH^butylaluminum hydnde (AliBu^H. 5 2 mmol) in hexane and a solution of silicon tetrachloride (SiCI4. 0.09 mrnS^ 

- or ^ mTn^.^ .n 7 H T T ^" ' .3-butadiene corresponding to 5 times of neodymium amount at 2^C 

for 30 minutes to conduct polymerization at QO'C for 1 hour. 

« J^T^ P^'y'"^^ added with a solution of butyltin trichloride (BuSnCI,. 3 6 mmol) 

minu,r!l r Z "^"^ maintaining the temperature at 80-C and thereafte left to stand for S 

minutes with stirring and then added with a methanol solution containing 1 .5 g of 2.4<li-t43utyl-p-cresoi to stoo ooh/m 
enzation. which is desolvated by steam stripping and dried on a roll at TlO'C to oliteTn rrSdif^^Tofymer 
^ «I ^ "'^^ 100»C) of 45. a cold flow of 1 .6 mg/min. a cis-1 4-bond content of 

96 9%. a v.ny.-1.2-bond content of 1.2% and a Mw/Mn ratio of 2.4. Furthermore, a vuTcanizate itahX us^g "' 
polymer has properties as shown in Table 6. ooiameo oy using inis 

•♦o Example 22 

manner as in Example 21 except that polymeric type diphenylmethane diiso- 
cyanate (c-MDI) is used as a modifying agent. The properties of this polymer and properties of a vuteSe using t^^ 
same are measured to obtain results as Shown in Table 6 » oi «i vuicanizaie using ine 

45 

Example 23 
Example 24 

as shovH; in iaWe 6 ' ^ properties of a vulcanizate using th same are measur d to obtain results 
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Example 25 

A polymer is obtained in the same manner as in Example 21 xcept that 2.4.6-trichloro-1 .3.5-tria2ine (TCT) is used 
as a moditying agent. The properties of this polymer and properties of a vulcanizate using the same are measured to 
5 obtain results as shown in Table 6. 

Example 26 

A polymer is obtained in the same manner as in Example 21 except that dioctyltin bisoctylmaleate (DOTBOM) is 
10 used as a modifying agent. The properties of this polymer and properties of a vulcanizate using the same are measured 
to obtain results as shown In Table 6. 

Comparative Example 6 

IS A polymer is obtained in the same manner as in Example 21 except that methylaluminoxane is not used and the 

amount of di-isobutylafuminum hydride is 4.7 mmol. The properties of this polymer and properties of a vulcanizate 
using the same are measured to obtain results as shown in Table 6. 

Comoarative Example 7 

20 

A uotymer is obtained in the same manner as In Example 21 except that the di-isobutylaluminum hydride is not 
used. The properties of this polymer and properties of a vulcanizate using the same are measured to obtain results as 
shown in Table 6. 
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As seen from Table 6. the rebound resilienc and wear resistance are improved by modifying th active t rminal 
of the unmodified polymer with the specified modifying agent as compared with those of the unmodified polymer. 

Example 27 

Into an autoclave of 5 liter in capacity purged with nitrogen are charged 2.5 kg of cyclohexane and 300 g of 1 ,3-buta- 
diene in a nitrogen atmosphere. 

Into the resulting mixture is charged a catalyst obtained by prevbusly mixing a cyclohexane solution containing 
neodymium versatate (Nd(VCH)3, 0.09 mmol), a solution of methylaluminoxane (MAO, 2.7 mmol) in toluene, a solution 
of di-isobutylaluminum hydride (AIIBugH. 5.2 mmol) in hexane and a solution of trimethylchlorosilane (M^SiCI, 0.18 
mmol) in hexane and aging them with an amount of 1 .3-butadiene corresponding to 5 times of neodymium amount at 
25'C for 30 minutes to conduct polymerization at 80**C for 1 hour. 

Then, the resulting unmodified polymer solution is added with a solution of dioctyltin bisoctylmaleate (DOTBOM. 
3.6 mmol) as a modifying agent in cyclohexane while maintaining the temperature at 80»C and thereafter left to stand 
for 30 minutes with stirring and then added with a methanol solution containing 1.5 g of 2.4.di-t-butyl-p-cresol to stop 
polymerization, which is desolvated by steam stripping and dried on a roll at 110^*0 to obtain a modified polymer. 

The properties of this polymer and properties of a vulcanizate using this polymer are measured to obtain results 
as shown in Table 7. 

Example 28 

A polymer is obtained in the same manner as in Example 27 except that dim ethyldrchlorosi lane (Me^SiClg. 0.09 
mmol) is used instead of MegSiCI. The properties of this polymer and properties of a vulcanizate using the same ar 
measured to obtain results as shown in Table 7. 

Example 29 

A polymer is obtained in the same manner as in Example 27 except that methyldichlorosilane (MeSiHCIg, 0.09 
mmol) is used instead of MegSiCI. The properties of this polymer and properties of a vulcanizate using the sarne are 
measured to obtain results as shown In Table 7. 

Example 30 

A polymer is obtained in the same manneer as In Example 27 except that diethyldichlorosilane (EtsSiClg, 0.09 
35 mmol) is used instead of MegSiCI. The properties of this polymer and properties of a vulcanizate using the same are 
measured to obtain results as shown in Table 7. 

Example 31 

^ A polymer is obtained in the same manner as in Example 27 except that methyltrichlorosilane (MeSiCIa, 0.06 mmol) 

is used instead of MeaSiCI. The properties of this polymer and properties of a vulcanizate using the same are measured 
to obtain results as shown in Table 7. 

Example 32 

45 

A polymer Is obtained in the same manner as in Example 27 except that ethyltrichlorosilane (EtSiCIg. 0.06 mmol) 
is used instead of MegSiCI and the amount of DOTBOM is 1 .8 mmol. The properties of this polymer and iDroperties of 
a vulcanizate using the same are measured to obtain results as shown in Table 7. 

50 Example 33 

A polymer is obtained in the same manner as in Example 27 except that trichlorosilane (HSiClg. 0.06 mmol) is 
used instead of MeaSiCI and the amount of DOTBOM is 1 .8 mmol. The properties of this polymer and properties of a 
vulcanizate using the same are measured to obtain results as shown In Table 7 

55 

Example 34 

A polymer is obtained in th same manner as in Example 27 except that dichlorotetramethyl disilane 
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(CIMesSiSiMegCl, 0.09 mmol) is used instead of MegSiCI. The prop rties of this polymer and properties of a vulcanizate 
using the same are measured to obtain results as shown in Table 7. . 

Example 35 

A polymer, is obtained in the same manner as in Example 27 except that dichlorotetrametyl disiloxane 
(CIMe2SIOSiMe2CI, 0.09 mmol) is used instead of Me3SiCI and the amount of DOTBOM is 5.4 mmol. The properties 
of this polyrner and properties of a vulcanizate using the same are measured to obtain results as shown in Table 7. 



IS 



20 



2S 



30 



35 



40 



45 



SO 



55 



BNSOOCID: <EP_0863165A1J.> 



28 



EP 0 863 165 A1 




29 

^CXXtD: <EP_08e3ieSAl_L> 



EP 0 863 165 A1 



10 



IS 



20 



2S 



30 



3S 



40 



45 



SO 



SS 



anizate 


Wear 
resistance 
(index) 


in 


O 


in 






o 




GO 


tH 
^* 


ies of vulC( 




00 


o^ 
vo 


<N 


O 


o^ 


rH 


CO 
VD 


tH 


O 


opert; 


CQ 
fx] 




O 


in 

AO 


o 


o 


o 


in 


O 

o 
in 


in 

CD 


o 

CO 




CQ 


a 
S 


in 

CN 


CD 

vr> 


CN 


CO 
CN 


ir> 

CN 


GO 
CN 


o 

cc 

CN 


in 

<M 


CO 
CN 




o 

.—1 


•H 

E 


m 










m 


LP. 




<n 


nodifying agent 


O 

o 


1 


o 


o 


o 


O 


o 


o 


o 


O 


O 


1 

C 
•i-l 
> 


m 


tH 


o^ 

o • 


rri 


CN 
«H 


CN 
*H 


CN 
t— 1 


en 

tH 


iH 
iH 


Ltibn of r 


1 

1 o Jl. 
CO ja 

o 




CX) 

cn 


o 

CT» 


00 
VO 

a\ 


in 

CA 


CN 

a\ 


m 
o> 


CN 
VD 

o^ 


CO 

KO 
OS 


the addi 




(U*4-l o 


04 


CN 


m 

CM 


CN 


in 

CN 


\o 

CN 


CN 


in 

CN 


CN 


s after 




i3 g u 




04 


O 
CM 


o 

CM 


CN 
CN 


CN 
CN 


m 

CN 


tH 

CN 


O 


ropertie 


J" 

o o 






m 






09 

rr* 


O 

in 


oo 




CO 


0* 




in 
rvj 


CO 

o« 


O 


T-l 

m 


m 


m 


m 


CO 
CN 


CN 








rsi 

r-i 


CO 
CN 

C3 

1 


o\ 

t-H 

a 

E 


o 
0) 

a 
e 

ra 


rH 
0) 

a 


(N 
0) 


m 
0) 

rH 

a 


a 


in 
a; 

rH 

§ 



30 



EP 0 863 165 A1 



As mentioned above, the invention provides novel conjugated diene polymers obtained by polynrierizing a conju- 
gated diene compound with a catalyst of rare earth element compound and reacting the resulting polymer with at least 
one compound selected from the group consisting of a halogenated organometallic compound, a halogenated metal 
compound, an organometallic compound, a heterocumulene compound, a hetero three-membered-ring containing 
compound, a halogenated isocyano compound, a carboxylic acid, an acid halide. an ester compound, a carbonic ester 
compound, an acid anhydride and a metal salt of a carboxylic acid as a modifying agent. The thus obtained polymers 
maintain good wear resistance and mechanical porperties and improved cold flow and are excellent in the storage 
stability and processability Therefore, the invention is suitable for the production of conjugated diene polymers. 

Claims 

1. A method of producing a conjugated diene polymer which comprises polymerizing a conjugated diene compound 
with a catalyst consisting essentially of the following components (a) to (d) in an organic hydrocarbon solvent; and 
then reacting with at least one compound selected from the group consisting of the following components (e) to (j): 

Component (a) : a compound containing a rare earth element of atomic number 57-71 in the Periodic Table 
or a compound obtained by reacting the compound with a Lewis base; 
Component (b) : a compound containing at least one halogen atom; 
Component (c): an aluminoxane; 

Component (d): an organoaluminum compound represented by the following general formula (1 ): 

AIR^R^R^ (1) 

(wherein R"* and R^ are the same or different and are a hydrocarbon group having a carbon number of 1-10 
or a hydrogen atom, and R^ is a hydrocarbon group having a carbon number of 1-10 provided that R^ is the 
same as or different from R"* or R2); 

Component (e): a halogenated organometallic compound, a halogenated metal compound or ah organome- 
tallic compound represented by the following general fonmula (2), (3). (4) or (5): 

R\m'X4.„. (2) 

M'X4. (3) 



M'Xg (4) 

r\m' (-R^-COOR^4.„ (5) 

(wherein R"* and R^ are the same or different and are a hydrocartK)n group having a carbon nurnber of 1-20, 
R® is a hydrocarbon group having a carbon number of 1 -20 and may contain an ester group in its side chain, 
M' is a tin atom, a silicon atom, a germanium atom or a phosphorus atom, X is a halogen atom, and n is an 
integer of 0-3); 

Component (f): a heterocumulene compound having a chemical structure of the following general formula (6): 

Y=C=Z (6) 

(wherein Y is a carbon atom, an oxygen atom, a nitrogen atom or a sulfur atom, and Z is an oxygen atom, a 
nitrogen atom or a sulfur atom) 

Component (g): a hetero three-membered-ring containing compound having a chemical structure of the fol- 
lowing general fonmula (7): 
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4S 



(7) 



Y' . 



10 



(wherein Y' is an oxygen atom, a nitrogen atom or a sulfur atom); 
Component (h): a halogenated isocyano compound; 

Component (i): a carboxylic acid, an acid hallde, an ester compound, a carboxylic ester compound or an acid 
anhydride represented by the following general formula (8), (9). (10). (11). (12) or (13): 



R'.(COOH)„ 



(8) 



IS 



R®-(COX), 



(9) 



20 



R®-(COO-R^°) 
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R^^-(CCX)GO-R^'*)^ 
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(wherein R^ to R^^ are the same or different and are a hydrocarbon group having a carbon number of 1-50, 
X is a halogen atom and m Is an integer of 1 -5); 

Component (j): a metal salt of a carboxylic acid represented by the following general formula (1 4). (1 5) or (1 6): 



40 



r'^,M-(OCOR^Vv 
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(16) 



(wherein R^^ to R22 are the same or different and are a hydrocarbon group having a carbon number of 1 -20. 
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M" 



is a tin atom, a silicon atom or a germanium atom, and I is an integer of 0-3). 



The method according to claim 1. wherein the resulting polymer after the polymerization with the catalyst has a 
content of cis-1 .4-bond of not less than 90% and a ratio of weight-average molecular weight to number-average 
molecular weight of not more than 3.5 as measured by a gel permeation chromatography. 

The method according to claim 1 , wherein the resulting.final polymer has a content of cis-1 .4-bond of not less than 
90% and a ratio of weight-average molecular weight to number-average molecular weight of not more than 4 as 
measured by a gel permeation chromatography. 

The method according to claim 1 . wherein the component (a) is selected from the group consisting of a carboxylate 
an alkoxide. a p-diketone complex, a phosphate and a phosphite of neodymium. praseodymium, cerium, lanthanurri 
or gadolinium. 

The method according to claim 1 . wherein the component (b) Is selected from a metal halide. an organometallic 
halide. an organic halide compound and a halogenated silicon compound. 

The method according to claim 5. wherein said metal halide or organometallic halide is selected from diethylalu- 
minum chloride, ethylaluminum sesquichloride. ethylaluminum dichloride, diethylaluminum bromide, ethylalumi- 
20 num sesquibromide and ethylaluminum dibromide. 

7. The method according to claim 5. wherein said organic halide compound is selected from benzoyl chloride, xyl ne 
dichloride, xylene dibromide. propyonyl chloride, benzyl chloride, benzylidene chloride, t-butyl chloride and the 
like; organic bromine compounds such as benzoyl bromide, propyonyl bromide, benzyl bromide, benzylidene bro- 
mide, t-butyl bromide and the like; methylchlorofomiate. methylbromoformate. chlorodiphenyl methane and chlo- 
rotriphenyl methane. 
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8. The method according to claim 5, wherein said halogenated silicon compound is selected from trimethylchlorosi- 
lane. methyidichlorosilane. diethyl dichlorosilane. methyl trichlorosilane. ethyl trichlorosilane, trichlorosiiane. 
dichlorotetramethyl disilane. dichlorotetramethyl disiloxane and silicon tetrachloride. 

9. The method according to claim 1 . wherein the component (c) has a chemical structure of the following general 
formula (19) or (20): 

R^^-Al (0-Al) n-0-Al-R25 

^25 (19) 



45 



SO 



55 



.25 



(wherein R2S js a hydrocarbon group having a carbon number of 1-20. and n is an integer of not less than 2). 

10. The method according to claim 6. wherein the hydrocarbon group represented by in the formula (1 9) or (20) is 
methyl group, ethyl group, propyl group, n-butyl group, isobutyl group or t-butyl group. 

The method according to claim 1, wherein the component (d) is selected from the group consisting of trimethyla- 
luminum. triethylaluminum, trim-propylaluminum. tri-isopropylaluminum, tri-n-butylaluminum. tri-isobutylaluml- 
num, tripentylaluminum. trihexylaluminum, trlcyclohexylaluminum. trioctylaluminum: diethylaluminum hydride, dl- 
n-propylaluminum hydrld , dl-n-butylaluminum hydrid , di-isobutylaluminum hydride, ethylaluminum dihydrid . n- 
propylalumlnum dihydrlde and isobutylalumlnum dihydrkJ 
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The method according to claim 1 , wherein the component (a) is used in an amount of 0.0001-1 .0 mmol per 100 g 
of the conjugated diene compound and the catalyst has such a composition ratio that a molar ratio of component 
(a) to component (b) is 1:0.1-1:15. a molar ratio of component (a) to component (c) is 1:1-1:5000. a molar ratio of 
component (a) to component (d) is 1 : 1-1 :500 and a molar ratio of component (c) to component (d) is 1 :0.02-1 :300. 

The method according to claim 1 . wherein the conjugated diene compound is selected from the group consisting 
of 1,3-butadiene. isoprene, 2.3-dimethyl-1.3-butadiene. 1,3-pentadiene, 1 .3-hexadiene and cycb 1.3-hexadiene. 

The method according to claim 1 . wherein an amount of each of the components (e)-(j) used to the component 
(a) is 0.01-200 as a molar ratio. 

The method according to claim 1 . wherein one of the components (e). (f) and (j) Is used as a modifying agent. 

16. The method according to claim 15, wherein the component (e) is selected from the group consisting of dibutyltin 
IS dichloride. dioctyltin dichloride. phenyltin trichloride, butyltin trichloride, octyltin trichloride, tin teterachloride. methyl 

dichlorosilane. methyl trichlorosllane and silicon tetrachloride. 

17. The method according to claim 1 5. wherein the component (f) is diphentylmethane siisocyanate or polymeric type 
diphenylmethane dilsocyanate. 

20 

18. The method according to claim 15. wherein the component (j) is selected from the group consisting of dioctyltin 
dilaurate, dioctyltin bisoctylmaleate. dioctyltin bisbenzylmaleate, dioctyltin bisethylmaleate and bisoctyltin maleate. 

19. A conjugated diene polymer produced by the method of claim 1 and having a content of cis-1 .4-bond of not less 
25 than 90% and a ratio of weight-average molecular weight to numbe (--average molecular weight of not more than 

4 as measured by a gel permeation chromatography. 
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